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To identify the factors that influence the availability of data on the negative impacts of alien bird species, in order to under-
stand why more than 70% are currently classified as Data Deficient (DD) by the Environmental Impact Classification of 
Alien Taxa (EICAT) protocol.
Information on factors hypothesised to influence the availability of impact data were collated for 344 alien bird species 
(107 with impact data and 237 DD). These data were analysed using mixed effects models accounting for phylogenetic 
non-independence of species (MCMCglmm).
Data deficiency in the negative impacts of alien birds is not randomly distributed. Residence time, relative brain size 
and alien range size were found to be strongly related to the availability of data on impacts.
The availability of data on the negative impacts of alien birds is mainly influenced by the spatial and temporal extents 
of their alien ranges. The results of this study suggest that the impacts of some DD alien birds are likely to be minor (e.g. 
species with comparatively long residence times as aliens, such as the common waxbill Estrilda astrild and the Java sparrow 
Padda oryzivora). However, the results also suggest that some DD alien birds may have damaging impacts (e.g. species from 
orders of alien birds known for their impacts to biodiversity but with comparatively small alien ranges, such as the New 
Caledonian crow Corvus moneduloides). This implies that at least some DD alien birds may have impacts that are being 
overlooked. Studies examining the traits that influence the severity of alien bird impacts are needed to help to predict which 
DD species are more likely to impact upon biodiversity.
In recent years, there has been much debate regarding the 
implications of biological invasions for native biodiversity 
(Sax and Gaines 2003, Briggs 2013, Russell and Blackburn 
2017). However, there is no doubt that alien species can have 
severe negative impacts upon native biodiversity. For exam-
ple, they have been shown to pose a threat to the existence of 
27% of mammals, birds, reptiles and amphibians worldwide 
(Bellard et al. 2016a), and to represent the most common 
threat associated with vertebrate extinctions, having been 
implicated in approximately two-thirds of all such extinc-
tions since AD1500 (Bellard  et  al. 2016b). Recent studies 
also demonstrate that alien species are contributing to the 
global homogenisation of biodiversity. For example, alien 
invasions have substantially altered the global distribution 
of terrestrial gastropods (snails and slugs), the distribution of 
which is now shaped primarily by global trade relationships 
and climate (Capinha et al. 2015).
Despite the well-known and substantial impacts 
of some alien species, there is a lack of systematic and 
quantitative data on alien species impacts in general 
(Kumschick et al. 2015, 2017, Hoffmann and Courchamp 
2016, Wilson  et  al. 2016). Birds are amongst the best-
studied animal groups, but alien birds are no exception 
to this rule. A recent global review of alien bird impacts 
on native biodiversity, undertaken using a new protocol 
developed to quantify and categorise the impacts of alien 
species (the Environmental Impact Classification for Alien 
Taxa (EICAT); Hawkins et al. 2015), could not find any 
impact data for 296 of 415 species ( 70%) with known 
alien populations (Evans  et  al. 2016). These species were 
therefore classified as Data Deficient (DD) by the EICAT 
method. (Note that our usage of DD here differs from that 
of the IUCN Red List ( www.iucnredlist.org ), which 
relates to species extinction risk: ‘A taxon is Data Deficient 
when there is inadequate information to make a direct, 
or indirect, assessment of its risk of extinction based on 
its distribution and/or population status.’ (IUCN 2016).) 
Two other recent studies of the global impacts of alien 
birds (Baker  et  al. 2014, Martin-Albarracin  et  al. 2015) 
also found data for a relatively small number of species 
(33 and 39 respectively), and concluded that we need more 
information on their impacts.
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The limited data that are available reveal significant varia-
tion in the severity of the environmental impacts attribut-
able to alien birds. For example, in New Zealand, the alien 
population of the mallard Anas platyrhynchos could be on 
the verge of causing the extinction of the Pacific black duck 
A. superciliosa through hybridisation (Guay et al. 2014), but 
as far as we are aware, the impacts of the alien Australian 
magpie have not resulted in declining populations of any 
native species (Morgan et al. 2006). While it is possible that 
a lack of data on the impacts of an alien bird species stems 
from the fact that it has no impacts, it would be unwise to 
assume so. We would therefore expect there also to be varia-
tion in the severity of impacts associated with DD alien bird 
species. As far as we are aware, the reasons why we may be 
lacking data for some alien bird species but not others have 
yet to be examined, and as such, drivers of data deficiency 
regarding their impacts represent a gap in our understand-
ing of biological invasions. An obvious question therefore, 
is are there factors that determine whether alien birds have 
been subject to research in order to assess their impacts as 
invaders? Identifying these factors would help us to under-
stand why some species have not been studied, and what the 
implications of data deficiency might be for the prevalence 
of alien bird impacts more widely.
There are at least three broad reasons why we might lack 
data on the impacts of alien birds. First, species perceived by 
scientists or the general public to have severe impacts may 
attract research, whilst species perceived to have negligible 
impacts on biodiversity may remain unstudied. A recent 
examination of bias in invasion biology found that alien spe-
cies with documented impacts are more frequently studied 
than alien species with no documented impacts (Pyšek et al. 
2008). Similarly, Evans et al. (2016) found a greater num-
ber of studies on the impacts of alien bird species that had 
more severe documented impacts (but see Kumschick et al. 
2017). Given the scarce resources allocated to conservation 
(Joseph  et  al. 2009), the prioritisation of research towards 
those species that are perceived to cause the most damage 
is to be expected. In this case, DD species would tend to be 
those with low perceived impacts; whether or not a bird spe-
cies was DD would potentially be related to the severity of 
its impacts, depending on the accuracy of those perceptions.
Second, some species may be more amenable to study 
because of their availability. For example, there will have 
been greater opportunity to study species with longer resi-
dence times (sensu Wilson et al. 2007), by dint of their lon-
ger existence as aliens. Such species have also had more time 
to cause impacts, which may prompt research. Species with 
larger alien ranges and those introduced to a broader range of 
locations may be encountered and studied more frequently, 
simply because they are more widespread. Furthermore, 
widespread species are likely to have had more opportuni-
ties to impact biodiversity due to the breadth of habitats 
they may encounter. As species with more severe impacts 
are more frequently researched, we may therefore have more 
information about widespread species. Similarly, generalist 
species (as determined by their dietary and habitat prefer-
ences) may be more readily studied because they are likely 
to utilise or occupy and impact upon a broader variety of 
habitats (sensu Carrascal et al. 2008, Reif et al. 2016). Larger 
brain size relative to body mass (an indicator of enhanced 
behavioural flexibility) has been linked to increased abun-
dance in UK farmland birds (Shultz  et  al. 2005), and has 
been found to enhance survival amongst birds and mammals 
introduced to novel environments (Sol et al. 2007, 2008); 
thus large-brained birds may also be encountered more 
regularly. Large-brained birds have also been found to have 
higher levels of urban tolerance, with more of these species 
(compared to birds with smaller brains) being able to breed 
successfully within city centres (Maklakov et al. 2011). This 
brings large-brained birds into direct contact with human 
population centres, which may also increase their exposure 
to research.
In contrast, species may be encountered less frequently 
when they occur in remote, inhospitable or politically unsta-
ble regions of the world, where their impacts are difficult to 
record, where there is a lack of capacity (funding/knowledge/
political will) to undertake research, or from locations where 
existing studies may be harder to locate. Two recent stud-
ies examining geographic bias in invasive species research 
(Pyšek et al. 2008, Bellard and Jeschke 2015) found that the 
majority of studies on a broad range of taxonomic groups 
are being undertaken in the more developed regions of the 
world. Similarly, over 50% of the impact data uncovered 
by Evans et al. (2016) related to invasions within mainland 
North America, Australia and Europe, with the fewest data 
for those within Africa and South America (7.2% combined). 
A related study by Martin-Albarracin  et  al. (2015) found 
that most alien bird impact data were available for inva-
sions within Europe, with little for those within Africa and 
South America. Evans et al. (2016) also found that amongst 
orders of alien birds, comparatively more impact data were 
available for Psittaciformes (parrots), possibly because the 
majority of alien parrot species were within North America. 
These results are congruent with those from a recent study 
examining reasons for data deficiency amongst species listed 
on the IUCN Red List, which found that IUCN DD terres-
trial mammal species tend to occupy highly specific, remote 
habitats (Bland  et  al. 2015). Here, we would expect DD 
alien species to be those with smaller alien ranges, specific 
dietary and habitat preferences and relatively small brains. 
They would also tend to have been introduced more recently 
and to fewer new locations, and be established in less devel-
oped, more remote and inaccessible regions of the world. 
In such cases, whether or not a bird species was DD would 
potentially be unrelated to the severity of its impacts where 
it occurs.
Third, some species may be easier or more preferable 
to study, due to their specific characteristics. For example, 
large-brained species may receive greater research atten-
tion because they possess interesting traits relating directly 
to their enhanced intelligence (Lefebvre et al. 2002, Emery 
and Clayton 2004, Sol  et  al. 2005, Maklakov et  al. 2011, 
Lefebvre 2013). Certain orders of large-brained birds (pri-
marily Corvids (crows and allies) and Strigiformes (owls)) 
have been found to be associated with more severe impacts 
(Evans et al. 2016). This may be due to their enhanced intel-
ligence and behavioural flexibility, which enables them to 
exploit the available resources in their new surroundings 
more effectively (in the case of crows and owls, through pre-
dation). As species with more severe impacts tend to be more 
frequently studied, we may therefore have more impact data 
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for large-brained alien birds. In support of this, in their global 
reviews of the impacts of alien birds, Baker et al. (2014) and 
Martin-Albarracin et al. (2015) found large-brained birds to 
be associated with more severe impacts.
Conspicuous species may also be more amenable to study 
because they have a higher detection probability (sensu 
McCallum 2005). For example, nearly 90% of the impact 
data found by Evans  et  al. (2016) were for species from 
five orders (Passeriformes (perching birds), Psittaciformes, 
Galliformes (gamebirds), Anseriformes (ducks, geese and 
swans) and Columbiformes (pigeons and doves)). Similarly, 
the majority of the impact data compiled by Martin-
Albarracin  et  al. (2015) came from four of the same five 
orders. Many of the species amongst these orders are large-
bodied and conspicuous. Evans et al. (2016) also found that 
amongst all orders with impact data, comparatively more data 
were available on the impacts of Psittaciformes, but fewer 
for Passeriformes. Parrots tend to be relatively large, colour-
ful and noisy whereas, by comparison, many perching birds 
are small and inconspicuous (although many have distinc-
tive songs). Large-bodied bird species have also been found 
to have more severe impacts in Europe (Kumschick  et  al. 
2013), and as high-impact species attract research, we may 
know more about larger-bodied birds. These results reflect 
those from a study of data deficiency amongst IUCN Red 
List species, where Bland  et  al. (2012) note that amongst 
terrestrial mammals, DD species tend to be small-bodied. 
Taken together, these studies suggest that DD species would 
tend to have smaller brain and body sizes, and to be less 
conspicuous. Again, whether or not a bird species was DD 
would potentially be unrelated to the severity of its impacts.
Here, we test a range of hypotheses (H) better to under-
stand why impact data is available for some alien bird 
species, whilst others remain DD. Based on the factors dis-
cussed above and the results of previous studies, we expect to 
find proportionally more DD species amongst those species 
which: (H1) have alien ranges within less developed regions 
of the world; (H2) are small-bodied and less conspicuous; 
(H3) have smaller relative brain sizes; (H4) are specialists; 
(H5) have small alien ranges; (H6) are present in fewer 
biogeographic realms; and (H7) have shorter residence times.
Methods
Data
A list of 415 alien bird species, comprising 119 species 
with impact data and 296 DD species, was taken from 
Evans et al. (2016); as far as we are aware, this represents the 
most comprehensive global dataset on the impacts of alien 
birds. For this study, impact data were identified through a 
literature review, with DD species being those for which no 
impact information was found (for more information on 
the literature review methodology, see Evans  et  al. 2016). 
Our analysis was restricted to those alien birds for which we 
had a complete dataset for all predictor variables described 
below – a total of 344 species (107 with impact data and 
237 DD). 
We assembled data on the following variables to test each 
of the seven hypotheses listed in the Introduction.
H1: we used the human development index (HDI) to 
test whether DD species tend to have alien ranges within 
less developed regions of the world. The HDI (downloaded 
from  http://hdr.undp.org/en/2015-report  21 November 
2016) is a country-level, composite measure of achieve-
ment in three key aspects of human development: being 
educated, having a long and healthy life and maintaining 
a decent standard of living. Here it is used as a proxy for 
the research potential of a country. A list of countries occu-
pied by each alien bird species was extracted from the global 
avian invasions atlas (GAVIA) (Dyer  et  al. 2016), and the 
highest country HDI score was taken for each species. This 
provided us with a measure of the potential exposure of a 
species to research. Data on the impacts of alien populations 
of the Christmas white-eye Zosterops natalis relate only to 
the Cocos (Keeling) Islands, which currently does not have 
a published HDI. The Cocos (Keeling) Islands is a territory 
of Australia, so the HDI score for Australia was applied for 
this species.
H2: we tested whether DD species tend to be smaller-
bodied using data on adult body mass (g), extracted from 
the recently published amniote life-history database 
(Myhrvold  et  al. 2015). Missing data for ten species were 
taken from Sekercioglu (2012).
To determine whether inconspicuous species are more 
likely to be DD, we tested whether DD species are less likely 
to belong to families of birds which we considered to be con-
spicuous based on their broad taxonomic characteristics. We 
selected three families of alien birds which we considered to 
be inconspicuous, primarily because they comprise small 
to medium sized birds (Estrildidae (waxbills, munias and 
allies), Fringillidae (true finches) and Thraupidae (tanagers)) 
(n = 55), and three families which we considered to be con-
spicuous, because they generally comprise species that are 
large, colourful and have loud and distinctive calls (Psittaci-
dae and Psittaculidae (true parrots) and Phasianidae (pheas-
ants and allies)) (n = 92). 
H3: to test whether DD species have smaller relative 
brain sizes, data on this trait (measured as the residuals of a 
log–log least-squares linear regression of brain mass against 
body mass) were taken from Sol  et  al. (2012). Using data 
that have been adjusted for body mass takes into account 
allometric effects, as larger species tend to have larger brains 
due to their size alone (Sol et al. 2005). Data were not avail-
able for 86 species, so for those species we estimated relative 
brain size using data from species from the closest taxonomic 
level within the Sol  et  al. (2012) dataset. Thus, brain size 
data for 47 species were calculated by taking an average for 
species from the same genus, 22 by taking an average for spe-
cies from the same family, and 17 by taking an average for 
species from the same order.
H4: To test whether data deficiency is related to measures 
of habitat specialism, we followed Kumschick et al. (2013) 
and calculated the number of the following broad habitat 
types occupied by each species in its native range: marine 
habitats, including littoral rock and sediment; coastal habi-
tats; inland surface waters; mires, bogs, and fens; grasslands 
and lands dominated by forbs, mosses or lichens; heathland, 
scrub, and tundra; woodland, forest, and other wooded 
land; inland unvegetated or sparsely vegetated habitats; 
regularly or recently cultivated agricultural, horticultural, 
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and domestic habitats; constructed, industrial, and other 
artificial habitats. Data on habitat preferences were extracted 
from BirdLife International (2017). To test whether DD is 
related to measures of diet specialism, we used proportionate 
data on the major food types consumed by a species taken 
from Sekercioglu (2012). These data were used to calculate 
a Simpson’s Diversity Index (SDI) for each species, where 
D = ∑(n/N)2 (n = proportion of food types utilised by a 
species; N = maximum number of possible food types). SDI 
values range between 0 and 1, with lower scores indicating 
more diversity (generalism) in a species dietary preferences. 
A worked example for the Mandarin duck Aix galericulata  
is provided in the Supplementary material Appendix 1 
Table A1.
H5: we used data on alien range sizes (km2) from GAVIA 
(Dyer et al. 2016) to test whether DD species have smaller 
alien range sizes. 
H6: we used data from GAVIA (Dyer et  al. 2016) on 
the number of eight biogeographic realms (Afrotropics, 
Australasia, Indomalaya, Nearctic, Neotropics, Oceanic, 
Palearctic and Antarctic) occupied by each species, to test 
whether DD species are present as aliens in fewer biogeo-
graphic realms.
H7: we used data on residence time (the length of time 
(in years) since the first record of introduction for an estab-
lished alien bird species) from GAVIA (Dyer et al. 2016) to 
test whether DD species have been introduced more recently. 
Details on the methods used to calculate alien range sizes, 
number of biogeographic realms occupied and residence 
time are given in Dyer et al. (2016).
Analysis
The presence or absence of impact data for each of the 344 
alien bird species was analysed as a binary response vari-
able (0 = absence of impact data; 1 = presence). To test 
whether there is phylogenetic signal in data deficiency, we 
first downloaded 100 randomly selected phylogenetic trees 
(Hackett backbone) incorporating all 344 species from 
Birdtree.org ( http://birdtree.org/subsets/ ). The caper 
package (Orme  et  al. 2013) in R was used to determine 
the strength of the phylogenetic signal using the D statis-
tic developed by Fritz and Purvis (2010). We compared the 
distribution of our binary trait across the tips of the 100 
phylogenetic trees for two null models – a Brownian motion 
model of trait evolution and a random trait distribution 
model (generated by shuffling species tip values). D = 0 is 
the expected result under Brownian motion, whilst D = 1 
infers a random distribution of data deficiency with respect 
to the phylogeny. We found a phylogenetic signal in data 
deficiency (D = 0.78, with the probability of D resulting 
from either Brownian phylogenetic structure or no phylo-
genetic structure both being 0). This necessitates using an 
analytical method that incorporates phylogenetic structure 
in the data.
We used the MCMCglmm package (Hadfield 2010) to 
create linear mixed models using Bayesian Markov Chain 
Monte Carlo methods to account for correlated random 
effects arising from phylogenetic relatedness. We used a 
probit link function and included phylogenetic covari-
ance between species as a random effect, setting flat, largely 
uninformative priors. To ensure adequate model conver-
gence and mixing, we ran the models for 1 000 000 itera-
tions with a burn-in of 2500 iterations, which maintained 
effective sample sizes for all estimated parameters at  1000.
Data for all predictor variables were log transformed, 
with the exception of habitat breadth, number of realms 
occupied and HDI score. HDI score data were not nor-
mally distributed and could not be normalised by log 
transformation. Here, we divided the data into four 
categories of low (HDI score of 0–0.549), medium 
(0.550–0.699), high (0.700–0.799) and very high (0.800 
and above), following the four formal HDI categories 
adopted by the United Nations Development Programme 
( http://hdr.undp.org/en/composite/HDI ).
The car package (Fox and Weisberg 2011) was used to 
calculate variance inflation factors for all variables, to check 
for the potential effects of multicollinearity. We also used 
hierarchical partitioning (Chevan and Sutherland 1991, 
Mac Nally 1996), implemented using the hier.part package 
(Walsh and Mac Nally 2013), to determine the extent to 
which each predictor variable was independently related to 
the response variable, relative to the effects of other variables 
analysed.
For multivariate analysis, we included only variables that 
demonstrated significant relationships (p  0.05) during 
univariate analysis. Following an initial run of the multi-
variate model, iterative model simplification was undertaken 
by removing the least significant variable and rerunning 
the model, and repeating the process until the multivari-
ate model contained only variables with significant terms 
(p  0.05).
To examine the effect of conspicuousness on the avail-
ability of impact data, the actual and expected distributions 
of impact data availability across alien bird families were 
analysed using a contingency tables test (chi-squared test of 
independence).
All statistical analyses were undertaken using RStudio ver. 
0.99.893 (R Core Team).
Data deposition
Data available from University College London (UCL) 
open access repository:  http://doi.org/10.14324/000.
ds.10038749  (Evans et al. 2017).
Results
Univariate analysis revealed positive relationships between 
impact data availability and all predictor variables except 
diet breadth (Table 1). There were strong positive relation-
ships (p  0.01) between data availability and alien range 
size, relative brain size, habitat breadth, HDI, number of 
biogeographic realms occupied and residence time. The dis-
tribution of species with and without impact data for these 
variables is shown in Fig. 1. There was also a weak posi-
tive relationship between data availability and body mass 
(Table 1). Using the car package, we found no evidence 
of significant collinearity between variables (all variance 
inflation factors  3; Supplementary material Appendix 1 
Table A2). 
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Following model simplification, multivariate analy-
sis indicated that birds with impact data tend to have 
longer residence times than DD species (163.1 versus 85.4 
years, on average), larger relative brain sizes (mean resid-
ual = 0.24 versus –0.21 for DD species) and larger alien 
ranges (1  017  337 km2 versus 51  393 km2 for DD spe-
cies) (Table 2). The reduced model also indicated that we 
are more likely to have impact data for alien bird species 
that occupy more biogeographic realms as aliens (average 
number of realms occupied = 2.57 versus 1.48 for DD spe-
cies), and that occupy a broader range of habitats in their 
native ranges (average number of habitats occupied = 3.83 
versus 3.19 for DD species), although these relationships 
were weaker (Table 2). The positive univariate relationships 
between data availability and HDI and body mass were not 
recovered when controlling for other predictors. During 
model simplification the deviance information criterion 
(DIC) did not increase by  2. Hierarchical partitioning 
also identifies relatively strong independent effects of 
alien range size, residence time and relative brain size on 
the availability of impact data (Supplementary material 
Appendix 1 Table A3). Relatively large joint contributions 
of alien range size and number of realms occupied may arise 
because these two variables are correlated with each other 
(Pearson’s product-moment correlation: r = 0.63, df = 342, 
p =  0.001).
Data availability was also non-randomly distributed with 
respect to conspicuousness. More impact data were available 
for alien species from conspicuous bird families and less for 
species from inconspicuous families (Table 3). 
Table 1. Univariate analysis undertaken using the MCMCglmm package in R (Hadfield 2010), showing relationships between the availability 
of data on the impacts of alien birds and eight predictor variables. Total sample size = 344 species.
 DIC Post. mean l-95% CI u-95% CI Eff. samp pMCMC
Alien range size 308.54 0.79 0.54 1.02 4519  0.001***
Body mass 375 0.54 0.09 0.10 9975 0.024*
Brain size 366.3 0.57 0.19 0.95 7504 0.002**
Diet breadth 370.22 –1.17 –2.39 0.13 9975 0.065
Habitat breadth 349.81 0.42 0.23 0.62 7040  0.001***
HDI 351.68 1.38 0.64 2.13 6388  0.001***
Number of realms occupied 303.91 0.73 0.50 0.97 4732  0.001***
Residence time 314.04 2.36 1.64 3.14 5821  0.001***
Iterations = 2501: 999 901; thinning interval = 100; sample size = 9975. DIC = deviance information criterion; Post. mean = mean of posterior 
samples; l-95% CI and u-95% CI = lower and upper credible intervals; Eff. samp = effective sample size; pMCMC = p-value. Significance 
codes: *** p  0.001 ** p  0.01 * p  0.05.
Figure 1. The distribution of alien bird species that are Data Deficient (DD) or have impact data for (A) Alien range size; (B) Relative brain 
size; (C) Habitat breadth; (D) Human Development Index (HDI); (E) Number of realms occupied; (F) Residence time. DD species: 
n = 237, species with impact data: n = 107. Jitter used to add random noise to data to prevent overplotting.
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Discussion
Information on the environmental impacts of alien birds is 
not available for over 70% of species globally. However, data 
deficiency is not randomly distributed amongst alien birds. 
Three variables demonstrated consistent, strong positive 
relationships with impact data availability in both univari-
ate and multivariate analysis: data deficient alien birds tend 
to have shorter residence times, smaller relative brain sizes 
and smaller alien range sizes. These results suggest that data 
deficiency amongst alien birds is influenced by all three of 
the factors proposed in the Introduction: the severity of their 
impacts (perceived or real), their availability for research, and 
their specific characteristics.
Residence time was found to be the strongest predic-
tor of impact data availability (Fig. 1, Table 2) (based on 
DIC values produced during univariate analysis: Table 1). 
This is likely to be because it influences a species availabil-
ity for research. Residence times vary substantially amongst 
alien birds. For example, the Seychelles fody Foudia sechel-
larum and Guanay cormorant Phalacrocorax bougainvillii 
have both had recorded alien populations for  10 yr, and 
are DD (Evans et al. 2016) whilst alien populations of the 
common pheasant Phasianus colchicus and the red junglefowl 
Gallus gallus date back approximately 1000 and 1500 yr, 
respectively (Dyer et al. 2016), and their impacts are com-
prehensively recorded (Evans et al. 2016). The effect of resi-
dence time may reflect the time it takes for the impacts of 
an established alien species to be noticed and quantified – 
this could well be the case for species that invade remote 
environments away from human populations. It may also 
reflect the lag time between the arrival of an alien species and 
its establishment, spread and the eventual onset of impacts 
(sensu Crooks 2005). That said, Aagaard and Lockwood 
(2014) studied invasion lags amongst 17 alien bird spe-
cies, and found that lag times were relatively short (rang-
ing from 10 to 38 yr). If we could generalise based on this 
study, given an average residence time for DD alien birds of 
85.4 yr, it suggests that while recent alien bird arrivals may 
require monitoring for the onset of impacts, DD alien bird 
species with long residence periods may indeed have negli-
gible impacts (unless they have restricted alien ranges and 
therefore have yet to be noticed). For example, the common 
waxbill Estrilda astrild and Java sparrow Padda oryzivora are 
both DD, and have residence times of over 300 yr, larger 
than average alien ranges (422 399 km2 and 864 438 km2 
respectively) and alien populations in developed regions of 
the world including North America and Europe (Dyer et al. 
2016). It is certainly conceivable that these species have low 
environmental impacts.
With regards to the intrinsic characteristics of alien 
bird species, the trait with the strongest effect on impact 
data availability was relative brain size (Table 2). Bird spe-
cies with large brains, relative to their body mass, have 
been shown to be more successful at establishing in novel 
environments, which is argued to be due to their enhanced 
ecological flexibility (Sol  et  al. 2005). Large-brained birds 
have also been shown to possess higher levels of urban toler-
ance and to be more successful at establishing within urban 
environments due to their propensity for innovative behav-
ior (Maklakov et al. 2011). Parrots account for most of the 
30 species with the largest brains in our dataset (n = 25), and 
are conspicuously successful at establishing in large urban 
centres (Butler 2005, Menchetti and Mori 2014, Pârâu et al. 
2016). For example, rose-ringed parakeets Psittacula krameri 
have established breeding populations in major urban areas 
across ten European countries, with a conservative European 
population estimate of more than 85  000 individuals 
Table 2. Multivariate analysis undertaken using the MCMCglmm package in R (Hadfield 2010), showing significant relationships (p  0.05) 
between the availability of data on the impacts of alien birds and predictor variables (following model simplification).
 Post. mean l-95% CI u-95% CI Eff. samp pMCMC
Intercept –5.92 –8.17 –3.69 3843  0.001***
Alien range size 0.41 0.12 0.70 7776 0.003**
Brain size 1.01 0.49 1.59 4150  0.001***
Habitat breadth 0.24 0.01 0.48 6355 0.035*
Number of realms occupied 0.33 0.07 0.59 6865 0.011*
Residence time 1.36 0.53 2.19 6652  0.001***
Iterations = 2501: 999 901; thinning interval = 100; sample size = 9975; DIC = 268.38. DIC = deviance information criterion; Post. 
mean = mean of posterior samples; l-95% CI and u-95% CI = lower and upper credible intervals; Eff. samp = effective sample size; 
pMCMC = p-value. Significance codes: ***p  0.001 **p  0.01 *p  0.05.
Table 3. Contingency table (chi-squared test of independence) showing actual and expected numbers of species with and without impact 
data amongst conspicuous and inconspicuous alien bird families (χ2 = 18.2, df = 1, p = 0.00002). Expected values are displayed in italics. 
Individual χ2 values are displayed in (parentheses).
 Number of species without 
impact data (DD)
Number of species with 
impact data
Total number of 
species
Inconspicuous families 50 5 55
(Estrildidae, Fringillidae and Thraupidae) 38.54 16.46  
 (3.41) (7.98)  
Conspicuous families 53 39 92
(Psittacidae, Psittaculidae and Phasianidae) 64.46 27.54  
 (2.04) (4.77)  
Total 103 44 147
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(Pârâu et  al. 2016). Other Psittaciform species with estab-
lished alien populations in large cities include monk para-
keets Myiopsitta monachus in New York, red-breasted 
parakeets Psittacula alexandri in Singapore, red-crowned 
parrots Amazona viridigenalis in San Diego, and rainbow 
lorikeets Trichoglossus haematodus and little corellas Cacatua 
sanguinea in Perth. This proximity to human populations 
may be driving research into the impacts of parrot species, 
and may also be one of the reasons why we have proportion-
ately more impact data for parrots than any other order of 
alien birds (Evans et al. 2016). In this case, data deficiency 
would relate to availability for study and the possession of 
interesting traits, but would be unrelated to the severity of a 
species impacts. Indeed, while we have proportionately more 
information on the impacts of alien parrots, their impacts 
tend to be less severe than those caused by alien birds from 
other orders (Evans et al. 2016).
Nevertheless, there is also some evidence that relatively 
large-brained species may be more likely to have environ-
mental impacts. Approximately two-thirds (n = 23) of the 
species with more severe impacts identified by Evans et al. 
(2016) (those causing declining populations, population 
extirpations or species extinctions) were large-brained, and 
of the five species allocated to the most damaging EICAT 
impact category (MV), four were large-brained: the great 
horned owl Bubo virginianus, barn owl Tyto alba, Australian 
masked-owl Tyto novaehollandiae and great kiskadee Pitangus 
sulphuratus. Furthermore, of the ten alien bird species with 
population level impacts identified by Baker et al. (2014), 
six were large-brained (the common myna Acridotheres 
tristis, crimson rosella Platycercus elegans, Japanese white-eye 
Zosterops japonicus, red-vented bulbul Pycnonotus cafer, rose-
ringed parakeet and shiny cowbird Molothrus bonariensis), 
and likewise two of the three most damaging species identi-
fied by Martin-Albarracin et al. (2015); the common myna 
and red-whiskered bulbul Pycnonotus jocosus. Although 
there has been no formal analysis of the effect of brain size 
on the magnitude of environmental impacts in birds, as we 
have more information on species with more severe impacts 
(Pyšek et al. 2008, Evans et al. 2016), we may know more 
about the impacts of large-brained species. Therefore, data 
deficiency may truly reflect low impacts amongst alien 
birds, and the strong effect of brain size in our analyses may 
be because it relates to all three factors which positively 
influence data availability: impact magnitude, availability 
for study and intrinsic interest.
The size of a species’ alien range was also found to be a 
strong predictor of impact data availability: we have more 
data on the impacts of widespread alien species (Fig. 1, 
Table 2). A species’ impact has been argued to be the prod-
uct of its abundance, range size and per capita impact 
(Parker  et  al. 1999), while range size and abundance are 
generally positively correlated for birds in both native 
(Gaston  et  al. 2000) and alien ranges (Blackburn  et  al. 
2001). Therefore, the positive effect of alien range size on 
data availability may be because widespread species have 
more severe environmental impacts, and alien species with 
more severe impacts have been found to be more frequently 
studied (Pyšek et al. 2008, Evans et al. 2016). This may also 
explain some of the exceptions to the trend, relating to the 
presence of alien birds on islands, where impacts tend to be 
more severe (Evans et al. 2016). For example, despite their 
restricted alien ranges (all  200 km2) we have impact data 
for green junglefowls Gallus varius on the Cocos (Keeling) 
Islands, Australian masked-owls on Lord Howe Island, Chi-
mango caracaras Milvago chimango on Easter Island, and 
American crows Corvus brachyrhynchos on Bermuda. The 
impacts of these species are classified as moderate (MO), 
major (MR) or massive (MV) under EICAT, and these spe-
cies are therefore amongst the most damaging alien birds 
with impact data (Evans et al. 2016). These effects suggest 
that species with recorded impacts may genuinely be those 
with greater impacts, and hence that data deficiency may 
be indicative of low impact. Lacking information on the 
impacts of DD species, it is impossible to be certain on 
this point, but we would predict on this basis that future 
research would find most currently DD alien bird species 
to be classified in low EICAT impact categories (minimal 
concern (MC) or minor (MN)).
The size of a species’ alien range is also likely to matter 
due to its influence on the availability of species for study 
(Fig. 1, Table 2). More than one-third (n = 81) of the DD 
species in our dataset have alien ranges  1000 km2 (over 
1000 times smaller than the average range size for species 
with impacts). They include species from orders of birds 
known for their impacts to biodiversity, such as Sturnidae 
(starlings, an order including species such as the common 
myna which has severe documented impacts; Grarock et al. 
2012) and Corvidae (crows and allies, an order including 
species such as the Indian house crow Corvus splendens, the 
impacts of which are also well documented; Ryall 1992). It 
is therefore possible that the impacts of some species have 
yet to be noticed due to their relatively small range sizes, 
and that data deficiency may not guarantee that a species 
has minor impacts upon biodiversity. The relative impor-
tance of range size in our models of data deficiency is likely 
to arise because it relates both to magnitude of impact and 
availability of a species for research. 
The breadth of habitats occupied by a species in its native 
range is also positively related to impact data availability 
(Fig. 1, Table 2). This suggests that we may know more about 
the impacts of generalist species that are able to occupy a broad 
range of habitats because they are more available for study. 
Similarly, the number of biogeographic realms occupied by 
alien birds also influences impact data availability. Some spe-
cies, such as the house sparrow Passer domesticus, are globally 
distributed, occupying all eight realms, but  60% (n = 211) 
occupy one realm alone, including the yellow-vented bulbul 
Pycnonotus goiavier and Palawan peacock-pheasant Polyplec-
tron napoleonis (Dyer et al. 2016). However, both of these 
relationships were weaker than for the other variables identi-
fied during multivariate analysis, most likely because their 
influence is better captured by alien range size (Table 2). 
The relatively large joint contributions of alien range size 
and number of realms occupied identified by hierarchical 
partitioning (Supplementary material Appendix 1 Table A3) 
may reflect the correlation between these two variables. 
Nevertheless, we found proportionately more DD species 
amongst those occupying fewer habitats in their native range 
and fewer biogeographic realms as aliens (Fig. 1), even when 
controlling for alien range size (Table 2). Specialist species 
are significantly more likely to be threatened with extinction, 
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rare and localised (Sekercioglu 2011), whereas generalists 
that occupy more habitats or realms are likely to be more 
available for study, especially if those habitats or realms 
are associated with a hotspot of invasion research, such as 
Australasia.
We find proportionately more DD species amongst fami-
lies considered to be inconspicuous (Estrildidae, Fringillidae 
and Thraupidae), and proportionately fewer amongst con-
spicuous families (Psittacidae, Psittaculidae and Phasianidae) 
(Table 3). This result may be influenced by the presence of 
parrot species in the dataset, which account for over 25% of 
species with impact data. Parrots tend to be conspicuous – 
they often have loud calls and bright plumage. However, as 
well as possessing large relative brain sizes and high levels of 
urban tolerance (Maklakov  et  al. 2011), both traits which 
we found to be positively associated with the availability of 
impact data, the alien ranges of all but one of the 28 parrot 
species for which we have impact data are located in North 
America, Australasia, Europe or Singapore. These are highly 
developed regions of the world with capacity for research. 
Given that human development was found to be a predictor 
of data availability in univariate analysis (Table 1), it is dif-
ficult to determine the influence of conspicuousness alone 
as a factor driving research into alien birds. Further, we were 
unable to examine the effect of conspicuousness using the 
MCMCglmm model because conspicuousness in birds is a 
combination of several traits (such as their size, shape, colour, 
and the loudness/distinctiveness of their calls). Therefore 
the approach used (contingency tables) did not take into 
account the influence of phylogeny on these results, and nei-
ther could it account for covariation with other variables.
Conclusions
Our understanding of the impacts of alien birds  remains 
compromised by the number of species that remain DD. 
This study represents one of the first attempts to identify 
those factors that influence the availability of impact data 
amongst alien birds. Whilst some of our results suggest that 
the impacts of many DD alien bird species may be minor 
(e.g. species with comparatively long residence times as 
aliens, such as the common waxbill and the Java sparrow), 
others suggest that data deficiency amongst alien birds may 
not be related to the severity of their impacts (e.g. species 
from orders of alien birds known to have damaging impacts 
but with comparatively small alien ranges, such as the New 
Caledonian crow Corvus moneduloides). It is therefore pos-
sible that we are overlooking the impacts of some DD 
alien birds. As the severity of impacts generated by alien 
birds have been found to vary from negligible, to caus-
ing declines in populations of native species and in some 
cases species extinctions, the next step is clearly to examine 
whether there are certain factors that influence the sever-
ity of impacts associated with alien birds for which impact 
data are available. Studies have looked at traits associated 
with the impacts of alien birds on a regional scale in Europe 
(Shirley and Kark 2009, Kumschick and Nentwig 2010, 
Kumschick et al. 2013) and Australia (Evans et al. 2014). 
However, such work has yet to be undertaken using a global 
dataset of alien bird impacts or using data from the recently 
published GAVIA database (Dyer et al. 2016). As such, this 
remains an area requiring further investigation, as it may 
help us to identify the types of species that are likely to have 
more severe impacts when introduced to novel locations, 
including those that are currently DD. It may also provide 
further insights as to the factors that influence data avail-
ability amongst alien birds.
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